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[.fi-eH] 

It's* E)# 3*| 2*> ^-g- 3*.2.3>l, %s}--g-^-s- <S=.O.S. A> 

-g-5}ji, e|f-^ HLfe ^-g- -g-^.e.3. *>**Hir «l^-8-S 3» 27.} 

°11 cflft -8-«BS.7> 20 mM °]&9l -JHMoL, ^ ^Ml rfl*}- -g-Sfl.E7> 20 mM °\ 

«H>]JL, ^)] 3>g^Sfe ofl^^l^Jii-llolE, =s^«^l-aLiflolE f ^>-¥-ElS^(GBL), 
^ ^ifKSDiLS o]q.6\& ^d\]x\ 1^<J1 3^31 ^«fl^* ^-i- s. 

^o.S sHf- ^sfl^j* *f|^°..§.*i| 5|-§- ^3] 2*} ^l^l tb^^ ^ t^-^-S-' ^iM 

£ 1 
[Ajjolo}] 

ell- ^ 2S> 3^-g-31 ^«B^ 
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ell" ^=1 3i*l-g- ^^^{A Electrolyte for Lithium Sulfur batteries} 
£ l-fr ^s>\ ^ ah i tfl^i 4 «1 si 41 l^ AHJ-aW si* 

-^3) 2*} #*lS} A>ol-f- 5^<H1 icl-s. ji-o. -^(specific capacity)^ «£s)~I- ufE} 

xflfe zi2fl£olcl-(^ : hi 3514 1, a: ^oj 1, -g*Hl 2, ■: 3, H : 

41 4). 

Hl**^ -g-^Caprotic solvent)^)- ^ u]<$z}s$ -g-nfls. ^^-^ ^ 

Sjfe ^sB^^l ^14. 
<3> flptfl* ^>7l7lS) IWI n^-el- 22} ^i^lSl ^-S-S- ^7>a171ji ^r)-. *tfl 

-g- ^>7l7lSl ^«f^iSl ^--g-^- ^ Sflfe Jl 4) 1-1*1 U-E^l ^l<q f-^-ol X]^ 

^iAS At«-S1j1 5fl^. -^41 31*lHfe S:^>^. «-3€SM 

31 Safe # 4m^l ^.E^H 7H}- -fi-'S-SH, el#2l 41M*1 «£fe 3830 mAh/g, 
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%(S 8 )Sl <*im*l 1675 mAh/g^-S. Af-g-s]^ &*\JL ^SlSM'?! 

%°1 oj^ tfl^. ^xi m ^ 7 m-*Hi -a-§-°fl 3M*rfe *3 q-Ei-ifl^ ©i-g. 

*°1 3*1 -g-^-fr ^vfl4^ %°]*\. 

<6> 2^-, Aj-s^-g *Hfr*H ^sflzJS^l o>7l£]^ 3*1^ si ^sj- g 3 

<7> n]^s-sl ^16,030,720^^1^^- ^r-g-ffl7 r R^CH^O),^ (^H*! n £- 2 ifl*] 10 

R£- "S:^ afe ^-g-nflfe- JE+M (donor) 15 °lAj-<y ^ -g- 

<8> 5Eth 3.21-3- ^Hl S. (crown ether), 3.U ^^(cryptand) , 3E-fi-i -g-nJ)(d 0 nor 

number) * W Sfl-*>fe -JMI* S^Rr ^>-8-«-»4. 

o> ne|ji, *8-^i€ ^ ^43-2-5. 7fl*er°lS(catholyte)7r 3fe ^sfl^O-S 3*1 si 

4^^]°]^ ^^^^(separation distanced 400 w o\*\6\o]o\ ^-4. 
<10> nl^- s.^1 *(|5, 961, 6723: °)H^ Sl«- ^ -g-^1 ^#-§r ^ 

4 ^^S* n<£*}7] lM^l LiS0 3 CF 3 , l,3-cl^-4iS:/cl^er < g/^SS:/^ D i1^-^Hl 

^(50/20/10/20)3 «l£-sl $^-°J)-fr ^ffl«flo.S A r *$ 7JH*Ml #4. 
<H> nl^-s-gi ^ 5,523179^^ nl^«l *ll 5,814,420Jl S ^1 6,030,720JL°11 
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^l^l Si cf. 

<13> # 7 ]o} ^0.5.^ -f-tl Zt^%°-3- *fl elf- ^ a^ofl-H ^-t^H 

*l-§-*s] #i7 r flc*. 

<14> ole-i^}- -g^* «f|3*r7l SRV nl^-s.*) ^6,017,651J:, nl^*) *\] 

6,025,0943- ^ nl^-s-s] 2)15,961,6723: -f^i^ ^^^^ 3.^} JeJ^-l: ^*Rr 

<i5> ^-7is] eh- as^-oi ^cfls ^*i-7i a* 3* #<a* 

-a- g 7H <?>ji 5a ^. 

<ie> cfl^si ell- iL3Le]-€--gr ^l7> 2^=1 ^ *lsfl<>» # ^7Hlsj- ell-^ «}-g-<Hl s) 
*fl ell- ajt^ol ^^s]£s. ^ 5^0.14, o] zi e^-sl t§^°l *Wr*l *sH 

»iLJL #«3-%=al #SH°JM el# ^ 9Xt\) €^ S-^ol 

<it> a ^j. 7M ^o £ h aj^ =^ n >s. en- a^oflAi aV-g-Al^ eH-x+oleei-ols. 

(Li 3 N)f^ ell- «>a^l?lfe ^ v ^°l Si^-M- °1 ^.^Itl »r*3 El (grain 

boundary)* ^«fl^2l ^7} 7 r ^* r Ji, H*^°]m^o]sj} ^-g^l ^*fl a. %-o] 
^■Sfls)7l ^Jl -SS-f (potential window)7> ^o>(o.45 V) -gall 3. a> 

-§-5171 o^tj-fe ^l^ol 5^. 
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<i8> 2. LiPONCLitium phosphorus oxynitride)^- slfl-iig^l i^E^ 

^ tlHl ^sfl <a*lfe ^M", <>1 3*fl *H^€ LiPON-E 

S) el* ^3) 2* r ^r^#^3r <?>^^* 7fl^ds>7l ^8*1 Sf«r «1 

-g^H 2 )- Hl°<J*Hd -§- D fl» ^r-§-*Kr €«fl«?* *l**Hr 3J°1 

<20> ^ ig-tgo. ^.o. s.^^ ^*>7l ^. ^tg^. 

<2i> ^S)-^-#-i: AV^-^ji, El#^ SEfe eii-^-^si ^* A}-g-S> 

511- 2*1- ^^Ml Si^i, 

<22> ^-71 ^«fl^ol -§-"3)3}- ^Sfl'g"?! i^-er>JI Xl 1^^-^.S.fe ^ -§-tflE. 

7> 20 mM -g-")W±I, *ll 2^^Alb tfl$ ^-«fl£7> 20 mM °1*}°1JI, Xl 3^ 

£-il3.^r SS^^ina-^l^S, ^]-«.ElS.^(GBL), ^ ^SS(SL) 

o. j= o) = o^ 3-6%*\ a^S)^ l#<y 3^-g-3l ^«fl°Jjl- ^l-§-*fe 3* ^-^5. *Rr 

<23> ol^K ^- -a^^ Cj-g-31- ;£t}. 

<24> elfl- ^3] 22} «^ %(S 8 ), ell- ^4°l^(Li 2 S), Hlf- 
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*a1^olH(Li 2 S n , n= 2, 4, 6, 8)» *^-«.S. A}**^ SX°-^ , ^l 5 !* 4 * 

<25> Jfr,g. ^olai, aTOS£ ol*^ SFfl"#ol7l nfl«-^ <»1 &| $ # 

<26> -& I^^H^r -§- n fl^ *3 -a^* **H #*fl°->M * 

#3* 7}b1\H ^ ^le^tb -g-°ll»* 3 3*1 2t«^S^ * t^l slSicf. 
<27> .g. AHJ-*>fc -8-71 ^*H«Q£- si -g-^-i- 5L«-*>ji -g-iflsl *fl 

l-^-g-O-S-Sr cfltb -g-*fl5.7> 20 mM °]-#<& -§MM31, ^| tfltt -§- 

«fl£7> 20 mM <>1*1-<»1J1, *ll 3^f±S^ 'Hlli^l-iUllolE , =S.^«?>^.t|lol s > 

<29> ^"71 3g-Sl -g-*fl£. S^S) a^ofl V^H- ^^S>S^, ^ 34» ^l^l £ 

HI M-B^l^cf. 

oo> zj-z}-^ _g.,,fl 40 m 4°ll % 10 rag 10£-*> ^^^4. % ^r-$- 

^ 10 Eg S^S M ^7}«H -8-«fl£* %i^¥-7> *fal °J^-7> 4**1 ^ 3 

31 -g-sflSll- Til^i}. 
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<3i> jL 1 

<32> : mM) 





1 


2 


3 


4 


5 


6 


7 


8 


9 


-g-*fl(#*ll 




FB 




FT 


XL 


A}oj 




PC 


GBL 


(mg) 


900 


850 


860 


800 


790 






15 


8 


^(mM) 


87.9 


83.0 


84.0 


78.1 


77.1 


92.8 


7.8 


1.5 


0.8 





10 


11 


12 


13 


14 


15 


16 


17 


18 


*"ll(*l*fl 

ojj) 


* 


IPA 


DMC 


EMC 


DEC 


MPC 


MP 


EP 


MA 


(mg) 


9 


10 


8 


8 


8 


8 


15 


16 


15 


^(mM) 


0.9 


1.0 


0.8 


0.8 


0.8 


0.8 


1.5 


1.6 


1.5 





19 


20 


21 


22 


23 


24 


25 


26 


-g-*fl(^ 

ofl) 


EA 


PA 


DME 


DOXL 


THF 


2MeTH 
F 


DGM 


TGM 


(mg) 


15 


13 


16 


16 


490 


450 


15 


14 


^£(mM) 


1.5 


1.6 


1.3 


1.6 


47.9 


43.9 


1.5 


1.4 



<36> ^-71 & lofl M-E].\+ ^ -§-^fl^7> 20 mM ^S. ol^-o.^. -a. ^ 

^ -§-*fl^ XI 1^*^.S.^>*S ^ 91^ *"J|3.fe #^ = ^jl(FB), *^r-«, a]- 

*|-&, J=Bl*^^»^<a(FT), *}°l3!(Xylene), *m^M^^^(THF) , 2-°fl 

<37> se^:, 2-^S-^l tflt!: ^-^£7} 20 mM oj^o] -g-nfl^ a>o] ^-^^i a}^ ; ofl 

o]±.Z.3l*L<&^, tqnjl^7>^tilo]E( D MC), ^ « *fl fJ^iLifl °1 J= (EMC) , ^ <fl « ^ifl 
<>1M(DEC), ^^^^^H^MPC), ^li^^^iflol H( MP ) ? o]1^^^ie]_2.v11o1 e 
(EP), ^^o>/fl^olE(MA), <>il^^HlHflo]E( EA ) j ns.^o>^|^olE(pA), t^nfllHl^]^- 
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(ME), 1.3-el3-±:3-(DQXL), A (Diglyme) , ^B.^=L^(.KM) ^-4 -§- OJ l-§- 

(PC), ^l-¥-Els^(GBL) 2L^r -HS£(SL) ^* *>-8-«-=K 
<39> ^7] XI 1^^-a- 5 30 %-§• -M-g-^fe 3H H>^-a!e>cq-. XI 1^£-°1 5 % olsr> 

8,6,4,2,1)^1 tftf± •g-^Sfe **M ^^r°fl w>#3]*H ^Jl, ^« 0 V^ol ;*lsg£| 

Tfl-M 67}X7} Sl^d) n# flvg: ^-jl, 5 7fl^2] Hl»#el^4 

*>lS.fe ^8°1 °l*3W#°lH.3. *ofl rfl* ^-*ll£7> flo}©} l^-g-8- 2^-&<Hl al^M 

<40> ^7} XI 2^«-g: 20 50 %S ^>-§-*Kr 53 o] s]-^, XI 3^-g-g- 20 

<«> -8-71 2^*3|. 3^-g--gr -fr^i-ir -#^Sl ^ 5fl4. #7l 2^ 

£--gr ?H ^«(|^«.S.fe ^ ^ S:<Hol 5)?]*} ^£7}- SCffe °^<>1 # 

71 3^-g-gr ^S-fr =LT%*\ 3*1 ^1°V ^£7> ^vgol o^Cf. 4 

£*M1 -M-**fiS. ^SH?Kz 3^-g-§- 4£*>7fl *>-8-*f|3E. SS*>cf. 
< 42 > 2^*4 3^*£ Hi** l:l^£7> ^^s>cf. olfe ^3<y Igo^, ^ 

# l-^^i 2^9 £■* 50 % o]^ *>-g-*|-^ fJ-S*«>l -g-#*Hr **1 2$ 

* f^H PC* Xl^tb >-W*l ^3** ^-Sr°)l^ J1XH2.3. ^^£7> 371 «4|*°lt*. 
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■^S] *(b|S|©1i=W °1 5E^ 2^^o] 50 % 

<43> ^-7) ^ «-§-^5L^r >^ all" e1#/al*^ J-?-^ 

^-§r *>-§-*Rr 3°1 al-^^sV^, ^^jg.^ ^*H%, jISH Li 2 S„ (n^l), Li 2 S n 

(n^l)ol -§-«fl^ ?fl*HfolE( catholyte ), -B-71 g ^Hl^((C 2 Sx) n : 

x= 2.5 50, n>2)5. o^o^ ^-cH1a^| 1^ *#^-§: *V8-«fe ^o] 

<44> o]§>, ^. ^-tg^ s>^«- -a*H» *n*i«i}. *>7is>fe •& ^ 

<45> ?\*)SH ^1^1 

<46> ^ahi 1 iflxi 4 ^ tOa^l 1 

<47> 60 %si ^1 20 %si t^-p, 20 %s\ °HI3Hs.)# ^Hlsqe^ .g. 

* ^#3H iS*g*}5acf. *H 12*1 # o]^- ^1-= sHlA-] £ 

2&tt. ^ 4l*|eiM3« yv iS tf^* 3H1 1 

M ^£^1 LiS0 3 CF 3 « <g o.S *]~g-*Kf <^el ?M €«fl^* 3^ 

4 3) ell °l e}« n SHI ^tflq* 2^ cl 7>e>^4. n. ^ofl s}« 

4. #£r°fl-H 24^1^- ^^t!: ^ 1.5 ifl^] 2.8 2:^ 

£.3. 0.1 C IS! 0.2 C 33] 0.5 C 5s) 1.0 C 1003 ^ 
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<48> a 2 





4^^! (100 


»ct& 

mAh/g 




i,3-t^^/^ns}-<y/ 

^3L£/^]^Hm 
(50/20/10/20) 


44 


571 


WlJR^l 1 


FT/PC/DMCC20/40/40) 


52 


612 


^Hl l 


THF/PC/DMCC20/40/40) 


58 


620 


^Hl 2 


2MeTHF/PC/DMC(20/40/40 


60 


617 


^H] 3 


1-^-^1 


53 


625 


-^Hl 4 



/GHL/DMEC2U/40/40) 



<50> ^aH] i 42)- H]jaofl 11- «las>^ i7l -g-^l 571 mAh/gO.3. i7l wj- 

# -8-«8=°l 7 9 % ^ 512) *>«>l7> q-E^ji ^ ^ ^*H1 1 4 

S| ^^7> HlJE^l 1°)) «)«() 8 vfl*U6 % ^£ *7>*>Sa^. 

<5i> E. loflfe -g- ^ofl n)-g. -fi*H 1 *-H*l 4S)- HlS<4| IS) ^i«fl^# ^>-8-tb ^l^l 
*Ht 4€- -§-^2) x+Ej-iflji : 1, a: 4J*l«fl 1, 

• : 2, ■: 3 , B : 4). 

°1 #i«-fi: ^ Sic)-. 
<53> ^Al^i 1 ifl*) 42) *fl l^-g-sl iEfe Efl se^M = 

<54> Hljaofl^ ^Sfl^ S§&& ^A)a)) 1 ifl^ 40) ^)) 2^-g-3)- ^ 3^^-011 *)) -§-"11 

S_uy o]+o]$ oj7l ^Ajo) %S) ^-Sfli £-*fl7}- 2,7) -§-^= #4i2}- ^ 
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*g 35a.fr ?Jo.S ^^cf. 

<55> 1( 2 ^ 3# «li3Z*>^ iL'S, ^ -^-ol-b a^r -fivE^S}- EflE 

j^H^s^ afe -ff£*fl <M-°H ^>°17> q-fe 3* 1- ^ SH*. 

-§--=fl£7l- <a^-a- ?H oj.qe> <go)i tfl^ -g-sflSL *Hs. 

£^17> <£-§- c| ^ ^-oui ell- d ^ oi^i?i7l n|«-o.S 

<56> .g. ^Sflofl-g: a>-8-«M e)fl- ^sj 2%\ ^Ulfc 2,71 ^ ^ ^ 
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*S|-«-** <$^2.3. A>-g-5>i, Ell-^ SLfe t^-fr -g-^-§L AV-g-§> 

7> 20 mM °1#<?1 -g-Tiflolai, »1 2^^-^.Sfe tfltb -g-*fl£.7V 20 mM °1*Mj1, *fl 3^ 

€-.°3.fc cfl^^?>jiiflolE f HS^^^i-llolE, #nHM3.^€-(GBL), * -ii^(SL) 

o.^. o]^^i 3-o)i^ ^slfe i#°i 3>a*^l ^*)H-a- -M--8-s>fe 53* ^-2.3. ^ 

[^T 1 * 2] 

-%7] A l^£r°l 5^1 30 A 2^-g-& 20 ifl^l 50 %<>H , 3^-g-gr 20 

50 %s) al-grS. -£^1 ^tfl^. 
[^t 1 * 3] 

*fl 1*<* 5fl<>H, 

*«(FT), 31 (Xylene), E)lSeFs>olsS.^?t(THF), ^ €31 Se^o] 3. 
(2-MeTHF)°-3. ol-f-^^I ?oflA| ^i«E)^ 1#<?] 
I^T 1 * 4] 
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(DMC), ^llMlli^l-.a-fclHSCEMC), c]o)]^?>^.i-1|olE( DE c), oflig =^g?l-iLv|lol e(mpC). 
Dfl^ = S.3qit)lolE( M p) i ^liJa^^uflolEtEp), d(| ^ o]-^] e 11 °] (MA) , ^l^^HlEfl^E 
(EA), =3.^oM)6IMe(pa), ^"JUHl^mCDME), l,3-^^-i^:(D0XL) , ^ZLHl-°] 
(Diglyme), % n^=i?}<$ (TGM)^-S <>l^^i ^s)^ 1#<?1 ^Sfl^. 

I^T 1 * 5] 

(GBL) ^ -ii?KSL)-°5. ol^-<H*l 1^91 ^sfl^. 

13?* 6] 

^Sfl^o] e|f-a)A]-^-=.^.e.Si3(|olE( 1 i th i um hexafluorophosphate, LiPF 6 ), 
e)l-E)]EBl.s.s^e^. 5l l C ,)E( L iBF4), Sl#«!^>#^-iSol-S^li41olE(LiAsF 6 ), Elf^lt 
S.eHolS.(LiC10 4 ), e]# M5l«3..2.S.n||fi:#3E.Vi °M = (LiN(CF 3 S0 2 ) 2 ) ^ 
^a^^i_flolE(CF 3 SQ3Li)S. ol-f-^^l 1# #^<J] ^«fl^. 

7] 

*)1 1*J ifl*l *ll 6*3 <Hi= 1M Sl^H. 
-S"7l ^Sfl^Sl ^-£7> 0.5 vfl^l 2.0 MS] ^S)]^. 
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[WSJ" 8] 

xi hm sa°w, 

IW*J- 9] 

XI i*j-°ii sfl°H, 

-8-71 «3=^ *S-3<>1 JL*|] Li 2 S„ (nisi). Li 2 Sn (n^l)ol sfl*^ 

S(catholyte), -JM g «-eH((C 2 S x )„ : x= 2.5 ifl*] 50, n>2)S 

[W* 10] 

£ 53* -^JlS ell- ^ 2*> ^*|. 
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